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1. Introduction 

The WT^i2s document class appolb.cls should be used by starting 
the file with 

\documentclass{appolb} 

Our main goal is to let the authors see how the text and equations fit 
to our page layout — the text column size is 126 mm x 190 mm. The style 
is very similar to the original Latex article, i.e. most of the commands 
are used in the same way although some of them result in a different text 
formatting. There are also some new commands, which are described below. 



2. Options 

Optional parameters to the appolb class can be given, as usually, in 
square brackets, e.g. 

\documentclass [letterpaper , draft] {appolb} 

Default options are: a4paper, final. 
Available options: 

draft or final — show or hide the overfull rule 
letterpaper or a4paper — select paper size 

* Send any remarks to actaOjetta. if .uj .edu.pl 
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3. Commands 

\eqsec 

Call this macro before the first \section command if you want equations 
numbered as (SectionNumber.EqNumber). You can uncomment line 16 of 
this file (appbdoc.tex) to see the effect. 



3.1. Shortcuts 

\ie gives: i.e. 
\eg gives: e.g. 
\cf gives: cf. 

The macros provide appropriate spacing without the need for any curly 
braces {}. 

3.2. Math mode operators 

\Tr gives: Tr 

\e gives: e — straight 'e' in math mode. 



3.3. eqletters environment 
Enumarate equations with a number and a lower-case letter, e.g. 

Ai = F(l), (la) 
A 2 = F{2). (lb) 

As long as the eqletters environment is active all equations are numbered 
with letters, e.g. 

L = \a = \A (lc) 

Equations Qla|) and (|lb|) can be referenced as Eqs. (^Q). The \label state- 
ment used to generate the latter reference must be placed outside any 
eqnarray or equation environment. 



136 



Te 



8000 i— 



1 6 + 7782 



> 

CD 

>> 
CD 

CD 

CD 
C 

o 

£ 
'o 

X 
LU 



6000 — 



4000 — 



2000 — 



>— 



(16) " 5949 

(17) " 5910 





(17)"5216ri6 ± ,(17ri5160 


(15)" 


5301 




(15)" 


4820 


(15)" 


4794 
















14 + 


4355 




14 + 


3720 


14 + 


3720 
















12 + 


3455 




12 + 


3173 


12 + 


3187 


10 + 


3185 




10 + 


2821 


10 + 


2792 
















8 + 


2548 




8 + 


2172 


8 + 


2132 
















6 + 


1586 




6 + 


1396 


6 + 


1382 


4 + 


1358 




4 + 


1085 


4 + 


1030 


2 + 


866 




2 + 


648 


2 + 


606 








+ 





+ 





+ 







Ref. [6] 


Exp. 


Th. 



SHELL MODEL STUDY OF EVEN-EVEN i32-i36 Te 
NEUTRON-RICH NUCLEI 

F. A. Majeed 

Department of Physics, College of Science, Al-Nahrain University, 

Baghdad, Iraq 

and 

The Abdul Salam International Centre for Theoretical Physics 



Large-scale shell model calculations were performed for neutron-rich 
even-even 132 - 136 Te using a realistic effective interaction derived from CD- 
Bonn nucleon-nucleon potential for the positive and negative parity states. 
The calculated results are compared with the recently available experimen- 
tal data and with the recent theoretical work. The transition rates B(E2; 
+ — >2 + ) are also calculated by taking into consideration core polarization 
effect by choosing best effective charges for proton and neutron. The result 
of our theoretical calculations are compared with experimental data and 
with the previous theoretical work. A very good agreement were obtained 
for all nuclei. 

PACS numbers: 23.20.Js; 21.60.Cs; 27.60.+j 

1. Introduction 

In recent years, there has been significant progress in the experimental 
knowledge of neutron-rich nuclei with few particles or holes outside dou- 
bly magic 132 Sn [?]. The region of neutron-rich Sn and Te nuclei with the 
number of protons at, or just above, the Z=50 closed shell becomes recently 
important for study both experimentally and theoretically [?]. Previous 
shell-model calculations (see Ref. [?] for details) provided reasonable agree- 
ment with energy spectra and B{E2) in N=80 and N=82 Sn and Te iso- 
tones but failed to explain the B(E2) value in 136 Te. Magnetic moments 
were calculated for 134 Te, 136 > 137 Xe and 137 Cs by Sarkar and Sarkar [?] with 
the KH5082 and CW5082 interactions fitted in the 208 Pb and scaled to the 
132 g n re gj ori) anc } w ith empirical effective single-particle g-factors. Shell- 
model calculations for the 2 + , 4 + and 6 + states in 13 °- 134 Te and 132_136 Xe 
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were reported in Ref. [?], where the surface delta interaction (SDI) was used 
with two different sets of parameters. The single particle states were chosen 
to reproduce single proton states in | 33 Sb and single neutron states in j^Sn. 
The single-particle spin and orbital effective g-factors were based on the ex- 
perimental g-factors of the low-lying (7/2) + and (5/2) + states in the odd-Z, 
N = 82 isotones. Shell model calculations with modified empirical hamil- 
tonian that obtained by some modifications of a Hamiltonian (CW5082) 
originally derived from the 208 Pb region and scaled to the 132 Sn region were 
performed by Sarkar and Sarkar [?]. The ^-factor of the first 2 + state in 
132 Te and energy levels of nuclei near 132 Sn has been studied by Brown 
et al.[7] using microscopic interaction based on CD-Bonn nucleon-nucleon 
interaction [?]. 

The aim of the present work is to study the level energies including the 
high J^-values, which is not studied before to test the ability of the "new 
developed effective interaction obtained starting with a G matrix derived 
from CD-Bonn nucleon-nucleon interaction by Brown et al. [?] and this 
interaction codenamed lately as SN100PN in the new released version of 
Oxbash for windows [?]" in reproducing the J 71 "- values. The main difference 
from the present work and Brown et al. work is that we consider the core 
to be 100 Sn instead of 132 Sn thats means our choice of core as 100 Sn, the 
valence neutrons are particles not not like the case of Ref. [?] were the valence 
neutrons are holes for the case of N < 82, trying to investigate if this change 
of choosing different core would enhance the calculations of level spectra for 
132 Te and 134 Te. On the other hand, since the electromagnetic transition 
rates provide one of the most sensitive probes of nuclear structure, therefore 
it is studied in this work for first 2+ , to give clear picture of the present 
large-scale shell model calculations in reproducing the experiment. 



2. Outline of calculations 

In our calculations the core is considered as 100 Sn with 32 and 34 par- 
ticles outside the core for 132 Te and 134 Te respectively. The model space 
SN100PN were used with SN100PN hamiltonian [?] based on CD-Bonn 
renormalized G matrix using the code OXBASH [?] . The single particle en- 
ergies that used in the present work are quoted from Ref. [?] for N < 82 as 
follows, the proton single-particle energies are —9.68, —8.72, —7.24, —7.34 
and —6.88 MeV for the proton model space O57/2, W5/2 > 1^3/2 i ^ s i/2 an d 
respectively. The neutron single-particle energies are —9.74, —8.97, 
—7.31, —7.62 and —7.38 MeV for the neutron model space 0g 7 / 2 , W5/2 j 
1g?3/2 , 2s 1 /2 and 0hu/ 2 , respectively. 

For 136 Te where N > 82 the core is taken as 132 Sn with 4 particles outside 
the core. The effective interaction KH5082 [?] which is originally fitted for 
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Pb and scaled to the Sn region were employed in the calculations 
of 136 Te by changing the single-particle energies (SP) used with KH5082 
effective interaction by those quoted from Ref.[?] as follows, the proton 
single particle energies were taken for the same model space for protons as 
above, while the neutron orbits should be changed by those quoted from Ref. 
[?] ad follows, -0.894, -2.455, -0.450, -1.601, -0.799 and 0.25 MeV for 
the neutron model space 0h 7 / 2 , 1/7/2, 1/5/2, 2p 3/2 , 2py 2 , 0i 13 / 2 , respectively. 



3. Results and comparison with experiment 

3.1. Excitation energies 

The calculated excitation energies for 132 Te are presented in Fig.l. Good 
agreement were obtained by comparing our theoretical calculations with the 
experiment for both positive and negative parity states. Our calculations are 
very close and sometimes exactly as the the results obtained from Ref.[?] 
and if we focus our attention to the predication of the first 2 + our work 
predicts this level at 954 keV and the experiment is 974 keV the absolute 
difference between the two values is 20 keV and if we compare this result 
with the previous theoretical work of Terasaki etal. [?, ?] they use quasi 
random phase approximation (QRPA) and their theoretical work predicts 
2 + at 1211 keV and the absolute difference between experiment is 237 keV 
our result are in significantly better agreement with experiment. 

Figure 2 presents the comparison of results obtained from this work with 
the experimental data and with previous theoretical work obtained from 
Ref. [?] for 134 Te. From the figure we can notice that this model is in good 
agreement with experiment up to J < 8,but it there is large discrepancy 
in predicting 9 + and 10 + in comparison with experiment this reflects the 
inadequacy of the model space. If we compare the prediction of the first 
2 + our work predict this level at 1211 keV and the absolute difference with 
experimental value is 68 keV in comparison with the previous theoretical 
work from Ref.[?], their work predict this level at 1375 keV with absolute 
difference 96 keV from experimental value. 

In Fig.3, all the experimental and calculated levels up to 7782 keV with 
the comparison of the previous theoretical work taken from Ref.[?] are re- 
ported for 136 Te. Good agreement were obtained by comparing our theo- 
retical calculations with the experimental values up to J 7r =10 + , but for the 
higher spin J > 12 the calculations starts to deviates from the experimental 
values and this reflects the inadequacy of the model space. The first 2 + is 
predicted at 866 keV which is very close the value predicted by S. Sarkar 
and M. Sarkar [?], but their work [?] using empirical hamiltonian named 
SMPN5082 obtained from some modifications of a Hamiltonian CW5082, 
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Fig. 1. Calculated energy levels for positive and negative parity states of 132 Te in 
comparison with experiment taken from Ref. [?] and the previous theoretical work 
taken from Ref. [?1 . 
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Fig. 2. Calculated energy levels for positive and negative parity states of 134 Te in 
comparison with experiment taken from Ref. [?] and the previous theoretical work 
taken from Ref. f?l . 



their work predicts the energy levels for positive and negative parity states 
much better than this work. 
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were reported in Ref. [?], where the surface delta interaction (SDI) was used 
with two different sets of parameters. The single particle states were chosen 
to reproduce single proton states in | 33 Sb and single neutron states in j^Sn. 
The single-particle spin and orbital effective g-factors were based on the ex- 
perimental g-factors of the low-lying (7/2) + and (5/2) + states in the odd-Z, 
N = 82 isotones. Shell model calculations with modified empirical hamil- 
tonian that obtained by some modifications of a Hamiltonian (CW5082) 
originally derived from the 208 Pb region and scaled to the 132 Sn region were 
performed by Sarkar and Sarkar [?]. The ^-factor of the first 2 + state in 
132 Te and energy levels of nuclei near 132 Sn has been studied by Brown 
et al.[7] using microscopic interaction based on CD-Bonn nucleon-nucleon 
interaction [?]. 

The aim of the present work is to study the level energies including the 
high J^-values, which is not studied before to test the ability of the "new 
developed effective interaction obtained starting with a G matrix derived 
from CD-Bonn nucleon-nucleon interaction by Brown et al. [?] and this 
interaction codenamed lately as SN100PN in the new released version of 
Oxbash for windows [?]" in reproducing the J 71 "- values. The main difference 
from the present work and Brown et al. work is that we consider the core 
to be 100 Sn instead of 132 Sn thats means our choice of core as 100 Sn, the 
valence neutrons are particles not not like the case of Ref. [?] were the valence 
neutrons are holes for the case of N < 82, trying to investigate if this change 
of choosing different core would enhance the calculations of level spectra for 
132 Te and 134 Te. On the other hand, since the electromagnetic transition 
rates provide one of the most sensitive probes of nuclear structure, therefore 
it is studied in this work for first 2+ , to give clear picture of the present 
large-scale shell model calculations in reproducing the experiment. 



2. Outline of calculations 

In our calculations the core is considered as 100 Sn with 32 and 34 par- 
ticles outside the core for 132 Te and 134 Te respectively. The model space 
SN100PN were used with SN100PN hamiltonian [?] based on CD-Bonn 
renormalized G matrix using the code OXBASH [?] . The single particle en- 
ergies that used in the present work are quoted from Ref. [?] for N < 82 as 
follows, the proton single-particle energies are —9.68, —8.72, —7.24, —7.34 
and —6.88 MeV for the proton model space O57/2, W5/2 > 1^3/2 i ^ s i/2 an d 
respectively. The neutron single-particle energies are —9.74, —8.97, 
—7.31, —7.62 and —7.38 MeV for the neutron model space 0g 7 / 2 , W5/2 j 
1g?3/2 , 2s 1 /2 and 0hu/ 2 , respectively. 

For 136 Te where N > 82 the core is taken as 132 Sn with 4 particles outside 
the core. The effective interaction KH5082 [?] which is originally fitted for 
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Pb and scaled to the Sn region were employed in the calculations 
of 136 Te by changing the single-particle energies (SP) used with KH5082 
effective interaction by those quoted from Ref.[?] as follows, the proton 
single particle energies were taken for the same model space for protons as 
above, while the neutron orbits should be changed by those quoted from Ref. 
[?] ad follows, -0.894, -2.455, -0.450, -1.601, -0.799 and 0.25 MeV for 
the neutron model space 0h 7 / 2 , 1/7/2, 1/5/2, 2p 3/2 , 2py 2 , 0i 13 / 2 , respectively. 



3. Results and comparison with experiment 

3.1. Excitation energies 

The calculated excitation energies for 132 Te are presented in Fig.l. Good 
agreement were obtained by comparing our theoretical calculations with the 
experiment for both positive and negative parity states. Our calculations are 
very close and sometimes exactly as the the results obtained from Ref.[?] 
and if we focus our attention to the predication of the first 2 + our work 
predicts this level at 954 keV and the experiment is 974 keV the absolute 
difference between the two values is 20 keV and if we compare this result 
with the previous theoretical work of Terasaki etal. [?, ?] they use quasi 
random phase approximation (QRPA) and their theoretical work predicts 
2 + at 1211 keV and the absolute difference between experiment is 237 keV 
our result are in significantly better agreement with experiment. 

Figure 2 presents the comparison of results obtained from this work with 
the experimental data and with previous theoretical work obtained from 
Ref. [?] for 134 Te. From the figure we can notice that this model is in good 
agreement with experiment up to J < 8,but it there is large discrepancy 
in predicting 9 + and 10 + in comparison with experiment this reflects the 
inadequacy of the model space. If we compare the prediction of the first 
2 + our work predict this level at 1211 keV and the absolute difference with 
experimental value is 68 keV in comparison with the previous theoretical 
work from Ref.[?], their work predict this level at 1375 keV with absolute 
difference 96 keV from experimental value. 

In Fig.3, all the experimental and calculated levels up to 7782 keV with 
the comparison of the previous theoretical work taken from Ref.[?] are re- 
ported for 136 Te. Good agreement were obtained by comparing our theo- 
retical calculations with the experimental values up to J 7r =10 + , but for the 
higher spin J > 12 the calculations starts to deviates from the experimental 
values and this reflects the inadequacy of the model space. The first 2 + is 
predicted at 866 keV which is very close the value predicted by S. Sarkar 
and M. Sarkar [?], but their work [?] using empirical hamiltonian named 
SMPN5082 obtained from some modifications of a Hamiltonian CW5082, 
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Fig. 1. Calculated energy levels for positive and negative parity states of 132 Te in 
comparison with experiment taken from Ref. [?] and the previous theoretical work 
taken from Ref. [?1 . 
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Fig. 2. Calculated energy levels for positive and negative parity states of 134 Te in 
comparison with experiment taken from Ref. [?] and the previous theoretical work 
taken from Ref. f?l . 
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